The dinuclear ruthenium complexes Ru 2 (CO) 4 (OOCC 5 H 4 FeC 5 H 5 ) 2 L 2 (L = NC 5 H 5 : 1, L = PPh 3 : 2) have been synthesized from Ru 3 (CO) 12 , ferrocene carboxylic acid and pyridine or triphenylphosphine, respectively. The single-crystal X-ray structure analysis reveals for 1 and 2 a Ru 2 (CO) 4 sawhorse backbone with the two ferrocenyl substituents of the two carboxylato bridges being endo/exo with respect to each other in the solid state. With the new pyridine derivative NC 5 H 4 OOCC 5 H 4 FeC 5 H 5 (4-ferrocenoyl pyridine) (3) as axial ligand, the complex Ru 2 (CO) 4 (OOCC 5 H 4 FeC 5 H 5 ) 2 (NC 5 H 4 OOCC 5 H 4 FeC 5 H 5 ) 2 (4) was obtained, the single crystal X-ray structure analysis showing an exo/exo orientation of the two carboxylato bridges in the solid state. The endo/endo orientation is found in the solid-state structure of Ru 2 (CO) 4 (HNOCC 5 H 4 FeC 5 H 5 ) 2 (PPh 3 ) 2 (5), the two OCNH bridges being transoïd with respect to each other; this complex is accessible from Ru 3 (CO) 12 , ferrocenamide and triphenylphosphine.
Introduction
Sawhorse-type ruthenium complexes are well-known since 1969, when Lewis and co-workers [1] reported the formation of [Ru 2 (CO) 4 (OOCR) 2 ] n polymers by refluxing Ru 3 (CO) 12 in the corresponding carboxylic acid and the depolymerization of these materials in coordinating solvents to give dinuclear complexes of the type Ru 2 (CO) 4 -(OOCR) 2 L 2 , L being acetonitrile, pyridine or another two-electron donor. These dinuclear complexes have been shown later, by a single-crystal X-ray structure analysis of Ru 2 ðCOÞ 4 ðOOCBu n Þ 2 ðPBu t 3 Þ 2 to have a Ru 2 (CO) 4 backbone in a sawhorse-type arrangement with two l 2 -g 2 -carboxylato bridges and two axial (phosphine) ligands [2] . In the meantime, a considerable number of such sawhorsetype diruthenium complexes with carboxylato [3] , carboxamido [4] , phosphinato [5] , sulfonato [6] , pyrazolato [7] or oximato [8] bridges have been synthesized and used in catalysis [8, 9] or for the assembly of mesomorphic materials [10] (see Scheme 1) . Herein, we report the synthesis and molecular structure of new Ru 2 (CO) 4 sawhorse-type complexes containing ferrocenyl substituents in the carboxylato or carboxamido bridges and in one case also in the axial ligand: Ru 2 -(CO) 4 
The single-crystal X-ray structure analyses of 1 and 2 reveal in both cases the typical Ru 2 (CO) 4 sawhorse backbone with two ferrocenyl carboxylato bridges, the Ru-Ru distances (1: 2.6854(5) Å , 2: 2.7330(5) Å ) being in the range of a ruthenium-ruthenium single bond, as it was also observed in analogous complexes [2,3b,3d,11] . The OCO bond angles of the two carboxylato bridges (1: 125.7(4) and 124.6(4)°, 2: 125.5(3)°) differ only slightly from those observed in other Ru 2 (CO) 4 (OOCR) 2 L 2 complexes [2,3b, 3d,11] . In the solid state, the two ferrocenyl substituents at the two carboxylato bridges in 1 and 2 adopt an endo/ exo orientation.
In order to introduce ferrocenyl substituents not only in the carboxylato bridges, but also in the axial ligand positions of these sawhorse-type complexes, we synthesized 4-ferrocenoyl pyridine (3), a new ligand accessible from ferrocene carboxylic acid and 4-hydroxypyridine in the presence of N,N 0 -dicyclohexylcarbodiimide, 4-pyrrolidinopyridine and dimethylaminopyridine as condensation auxiliaries [12] . Compound 3 is an orange air-stable crystalline substance, the single-crystal X-ray analysis of which shows the expected molecular structure (see Scheme 3).
The reaction of Ru 3 (CO) 12 with ferrocene carboxylic acid in refluxing THF gives, in the presence of ligand 3, according to Eq. (1), the dinuclear complex Ru 2 (CO) 4 (4) , isolated in the same manner as 1 and 2. The solid state molecular structure of 4 shows the same Ru 2 (CO) 4 sawhorse backbone as 1 and 2 (Ru-Ru: 2.6850(7) Å ) (see Scheme 4) .
However, while the two ferrocenyl substituents in the two axial pyridine ligands are transoïd with respect to each other, the orientation of the two ferrocenyl substituents in the two carboxylato bridges is exo/exo, both being oriented outwards, in contrast to the exo/endo orientation found in 1 and 2.
Moreover, in the solid state, two molecules of chloroform per molecule of 4 are found in the crystal, one of them being encapsulated between the two ferrocenyl substituents of the bridging ligands, see Fig. 4 . The distance between the centroid of the cyclopentadienyl and the hydrogen atom of the chloroform molecule is only 2.47 Å .
The missing endo/endo orientation of the two ferrocenyl substituents in the two bridging ligands was finally found in Scheme 2.
Scheme 3. (5), accessible from Ru 3 (CO) 12 , ferrocenamide and triphenylphosphine (see Scheme 5) . However, 5 is not very stable: although it can be isolated in the solid state, it is very hygroscopic and decomposes quickly in solution, even under inert atmosphere.
In conclusion, we have synthesized and structurally characterized four new Ru 2 (CO) 4 sawhorse-type complexes containing l 2 -g 2 -ferrocene carboxylato or carbamido ligands as well as a new ferrocenyl pyridine derivative. All possible conformations (endo/endo, exo/exo and endo/ exo) of the two ferrocenyl substituents in the bridging ligands have been observed in the solid state.
Experimental

General
All manipulations were carried out by routine under nitrogen atmosphere. De-ionized water and organic solvents were degassed and saturated with nitrogen prior to use. All reagents were purchased either from Aldrich or Fluka and used as received. NMR spectra were recorded on a Bruker 400 MHz spectrometer. IR spectra were recorded on a Perkin-Elmer 1720X FT-IR spectrometer (4000-400 cm À1 ). Microanalyses were performed by the Laboratory of Pharmaceutical Chemistry, University of Geneva (Switzerland). Electro-spray mass spectra were obtained in positive-ion mode with an LCQ Finnigan mass spectrometer. Dodecacarbonyltriruthenium [13] and ferrocenamide [14] was prepared according to published methods.
General method for the preparation of complexes 1, 2 and 4
A solution of Ru 3 (CO) 12 (100 mg, 0.16 mmol) and ferrocene carboxylic acid (108 mg, 0.47 mmol) in dry tetrahydrofuran (25 ml) was heated at 120°C in a pressure Schlenk tube for 12 h. Then the solvent was evaporated to give an orange-brown residue which was dissolved in tetrahydrofuran and the appropriate ligand L (0.47 mmol) was added. The solution was stirred at room temperature for 2 h, the solution was evaporated and the product isolated from the residue by crystallization from a tetrahydrofuran/hexane mixture. In order to improve the purity, the raw product was subjected to a thin-layer chromatography on silica gel using dichloromethane as eluent and obtained as yellow-brown powder. In a pressure Schlenk tube was introduced ferrocene carboxylic acid (500 mg, 2.17 mmol), N,N 0 -dicyclohexylcarbodiimide (688 mg, 3.34 mmol), dimethylaminopyridine (204 mg, 1.67 mmol), 4-pyrrolidinopyridine (124 mg, 0.83 mmol) and hydroxypyridine (159 mg, 1.67 mmol) in anhydrous dichloromethane (30 ml). The solution was stirred under nitrogen at room temperature for 36 h without Scheme 5. light. Then the red solution was slowly filtered on Celite to eliminate the dicyclohexylurea. The product was obtained as an orange powder by column chromatography on silica gel using hexane/acetone (10:1) as eluent (265 mg (5) A solution of Ru 3 (CO) 12 (200 mg, 0.31 mmol) and ferrocenamide (215 mg, 0.94 mmol) in dry tetrahydrofuran (25 ml) was heated at 120°C in a pressure Schlenk tube for 12 h. Then the solvent was evaporated to give a brown residue which was dissolved in tetrahydrofuran and the triphenylphosphine (250 mg, 0.94 mmol) was added. The 
173 (2) 173 (2) 173 (2) 173 (2) 173 (2 solution was stirred at room temperature for 3 h, the solution was evaporated and the product isolated from the residue by crystallization from a chloroform/hexane mixture. In order to improve the purity, the raw product was subjected to a thin-layer chromatography on silica gel using a dichloromethane/hexane mixture (1:1) as eluent and obtained as yellow powder. Yield: 81% (327 mg, 0.25 mmol). 1 H NMR (400 MHz, CDCl 3 ) : d = 7.82-7.60 ppm (m, 12H), 7.59-7.43 (m, 18H), 3.97 (t, 4H), 3.88 (s, 10H), 3.83 (d, 2H), 3.66 (d, 2H) 
X-ray crystallography
Single-crystals of 1-5, obtained by slow diffusion of hexane into a solution of the complex (THF: 1, 2; CHCl 3 : 3-5), were mounted on a Stoe Image Plate Diffraction system equipped with a / circle goniometer, using Mo Ka graphite monochromated radiation (k = 0.71073 Å ) with / range 0-200°, increment varying from 0.7°to 2.0°, D max À D min = 12.45-0.81 Å . The structures were solved by direct methods using the program SHELXS-97 [15] . The refinement and all further calculations were carried out using SHELXL-97 [16] . In all compounds the hydrogen atoms have been included in calculated positions and treated as riding atoms using the SHELXL default parameters. All non-H atoms were refined anisotropically, using weighted full-matrix leastsquare on F 2 . In 4, one -OCO-fragment of a carboxylato was found to be disorder over two positions and the partial (4) , the chloroform molecules and the hydrogen atoms are omitted for clarity. Selected bond distances (Å ), angles and torsion angles: Ru1-Ru2 2.6850(7), Ru1-O3 2.123(4), Ru1-O5 2.120(4), Ru2-O4 2.104(4), Ru2-O6 2.112(4), Ru1-N1 2.253(4), Ru2-N2 2.210(5), O3-C19-O5 125.2(6), O5-C30-O6 125.7(5), N1-Ru1-Ru2-N2 8.9(6). occupancy factor was fixed at 50:50. In 4, the residual densities greater than 1 e Å À3 are located closed to the chloride atoms of the solvent molecules. Crystallographic details are summarized in Table 1 . Figs. 1-3 and 5 were drawn with ORTEP [17] and Fig. 4 with MERCURY [18] .
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